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(57) ABSTRACT

According to the present invention, there 1s disclosed a
2-transistors type flash memory, wherein a memory-
transistor 1s composed of layers of structure consisting of a
floating gate and a control gate separated by a first insulating
f1lm; and, at least, a gate electrode of a select-transistor 1s
composed of a single layer of a polysilicon film, which 1s
formed from the same layer as the floating gate electrode of
the memory-transistor and then doped to have an enhanced
dopant concentration by 1on implantation performed 1n the
step of forming source-drain regions of the transistors
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1

METHOD OF MANUFACTURING A FLLASH
MEMORY HAVING A SELECT TRANSISTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to a semiconductor device
and a manufacturing method thereof and more particularly
to 1mprovements 1n a gate electrode of a select-transistor in
a 2-transistors type flash memory.

2. Description of the Related Art

An celectrically-erasable nonvolatile semiconductor
memory device such as a FLASHEEPROM (Flash
Electrically-Erasable Programmable Read Only Memory)
comprises two sorts of transistors, the memory-transistor
and the select-transistor. A plurality of memory-transistors
ecach of which has a floating gate electrode (FGE) and a
control gate electrode (CGE) are formed in a memory cell
area thereof and are under control as well as selection of a
select-transistor. Further, 1n a more practically designed
FLASHEEPROM, a transistor 1n a logic area such as the one
in a logical operation circuit 1s also formed on the same
substrate.

For such a FLASHEEPROM as having a logic transistor
on the same substrate, a gate electrode of the logic transistor
and a CGE 1in the memory cell arca are formed from the
same layer 1n the manufacturing method generally used.
Referring to the drawings, a conventional manufacturing
method 1s described below.

FIGS. 3(1) to 3(20) are a series of schematic cross-
sectional views illustrating the steps of a conventional
method of manufacturing a FLASHEEPROM.

First, upon a P-type semiconductor substrate 1, a first
P-well 2 and a second P-well 3 are formed 1n a flash memory
arca and a logic area, respectively. Next, a field oxide film
4 that defines areas of elements 1s formed, and thereafter an
oxide film 5 with a thickness of 8 to 10 nm 1s formed on the
surface of the substrate 1 by the thermal oxidation method
(FIG. 3(1)). A first N™-type polysilicon 7 that is to become
a FGE material 1n the flash memory area 1s formed thereon
to a thickness of 150 nm. After that, by means of 1on
implantation, phosphorus 1s 1njected thereinto to a dopant
concentration of approximately 1 to 3x10™ atoms /cm”
(FIG. 3(2)). Next, in order to maintain said polysilicon only
on the oxide film in the flash memory area, a photoresist 6a
is formed into the pattern (FIG. 3(3)) and, using this as a
mask, etching is applied thereto (FIG. 3(4)).

Next, covering said polysilicon, an ONO (Oxide-Nitride-
Oxide) film 8 1s grown over the entire surface to a thickness
of 12 to 16 nm 1n terms of oxide film thickness by the CVD
(Chemical Vapour Deposition) method (FIG. 3(8)). Over
that, a photoresist 6b 1s then applied and patterned so as to
cover only the flash memory area (FIG. 3(6)), and thereafter
ctching of said ONO film 1s performed. At this, the oxide
film 5 in the logic area is concurrently once removed (FIG.
3(7)), and a gate oxide film with a thickness of 5 nm, for
example, 1s subsequently formed again 1n the logic arca

(FIG. 3(8)).

Over the enfire surface of the substrate, a second poly-
silicon 9 that 1s to become a CGE material as well as a
material for a gate electrode 1n the logic area 1s grown to a
thickness of 200 nm (FIG. 3(9)). Following that, on said
second polysilicon 9, a photoresist 6¢ 1s formed into the
pattern of electrodes of a memory-transistor and a select-
transistor 1n the flash memory area, and formed over the
entire surface, in the logic area (FIG. 3(10)). Etching is then
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2

applied to the second polysilicon 9, the ONO film 8 1n the
flash memory area and the first polysilicon 7 (FIG. 3(11)).

Next, in order to form a first LDD (Lightly-Doped Drain)
structure 11 in the flash memory area, arsenic (As) or
phosphorus (P) is ion-implanted thereinto with a dose of
approximately 1x10" to 1x10'* atoms/cm®. For this, the
entire surface of the logic area 1s masked with a photoresist
6d (FIG. 3(12)). After that, to form a logic-transistor, a
photoresist 6¢ 1s formed 1nto the pattern of the entire surface
of the flash memory area and of the transistor of the logic
area by means of patterning (FIG. 3(13)). The subsequent
ctching applied thereto forms a gate electrode of the tran-

sistor 1n the logic area (FIG. 3(14)).

Further, for the formation of a second LDD 12 1n the logic
arca, the entire surface of the flash memory area 1s again
covered with a photoresist 6/ and, then, As or P 1s 10n-
implanted thereinto with a dose of approximately 1x10"° to

1x10™ atoms/cm” (FIG. 3(15)).

After removing the photoresist, anoxide film 1s formed
over the entire surface, and there from sidewalls 13 are
formed on lateral faces of the electrode materials 1n the tlash
memory area and in the logic area (FIG. 3(16)). Following
that, to form source-drain (SD) regions 14 in the flash
memory areca and in the logic area, As 1s 1on-implanted
thereinto with a dose of approximately 1x10'° to 5x10*°

atoms/cm” (FIG. 3(17)).

Next, the oxide film lying outside of the transistors 1s all
removed by wet etching (FIG. 3(18)) and then a titanium
(T1) film 15 1s grown over the entire surface (FIG. 3(19)).
Finally, by performing a salicide process 1n which titanium
1s turned to silicide and removing unreacted parts of the Ti
f1lm 15 subsequently, silicide films 16 are selectively formed
on the SD regions of the P-type substrate 1 as well as on the
polysilicons of the transistors, and thereby a semiconductor
device having a memory-transistor (Ir) and a select-

transistor ('It) in the flash memory area and a logic-transistor
(Tr) in the logic area 1s accomplished (FIG. 3(20)).

In the flash memory formed 1n such a way as described
above, the first polysilicon 7 for the gate electrode of the
select-transistor 1s not N -type but N™-type so that holding
characteristics of the flash memory does not become dete-
riorated. The use of N™-type, however, brings about signifi-
cant gate depletion, which results 1 an increase in effective
thickness of the oxide film and a lowering of the operational
speed. Obviously with this manufacturing method, 1t 1is
impossible to add the dopants to increase the dopant con-
centration in the first polysilicon 7 (to make it N*-type) so
that the operational speed thereof cannot be improved fur-
ther. Moreover, since the first polysilicon 7 which 1s the gate
clectrode of the select-transistor 1s not turned to silicide and
1s msulated by the ONO film 8 from the second polysilicon
O that 1s turned to silicide, the resistance thereof i1s consid-
erable. This gives rise to a problem that the voltage applied
substantially to the gate of the select-transistor varies from
cell to cell and, therefore, the ON-current of the select-
transistor varies with the cell.

It 1s reported that there have been an attempt to form a
butting contact on an ONO {ilm of a select-transistor so as
to make electrical connection between the upper and the
lower electrode layers. In this case, it 1s necessary to add the
step of forming said contact into the manufacturing method
thereof, which undoubtedly complicates the steps but its
cffect of reducing the gate resistance i1s not particularly
promising so far.

Meanwhile, 1n JP-A-5-121700, with the object of lower-
ing the resistance of the select-transistor enough to achieve
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a higher operational speed, there 1s disclosed a structure 1n
which a select-transistor has a gate electrode formed 1n such
a way that a silicon film either mterposing a metal silicide
film therebetween or having a silicide surface thereof is
formed 1nto the shape of a sidewall on the lateral face of a
cgate electrode of a memory-transistor, and an adjacent
circuit transistor has a gate electrode formed from the same
layer as said gate electrode of the select-transistor.

In the method described 1n said publication, however,
conductive layers of polysilicon or the like must be formed
twice for the formation of the gate electrode of the memory-
transistor and once more for the formation of the select-
transistor and the adjacent circuit transistor. Furthermore,
there are problems that, because of an insulating film present
between the select-transistor and the memory-transistor, no
channel 1s formed under that insulating film and that the gate
oxide film of the select-transistor becomes thicker than the
cgate oxide film of the memory-transistor, which inevitably
hinders the 1mprovement of the operational speed.

Further, 1n JP-A-9-181282, there 1s disclosed a method of

manufacturing a flash memory element, wherein, after a first
polysilicon such as described above and an ONO film are
formed, the ONO film lying in a select-transistor area and an
adjacent circuit transistor area 1s removed by means of
photolithography, and thereafter a second polysilicon 1s
ogrown and, its surface being turned to silicide, patterning 1s
applied thereto to form the shape of gate electrodes of a
memory-transistor, a select-transistor and an adjacent circuit
transistor, and then the ion implantation is carried out to
form source-drain regions. In this method, the structure of
the select-transistor 1s formed by patterning that is per-
formed when a floating gate and a control gate of the
select-transistor are directly contacted with each other. This
produces an effect of lowering the gate resistance and, thus,
making formation of a buttering contact as described above
unnecessary.

In this method, however, concentrations of the implanted
dopants are different between the floating gate and the
control gate, while they are in contact with each other, so
that the depletion of the underlying floating gate cannot be
climinated thoroughly. In general, the dopant concentration
within a polysilicon layer 1s made uniform through thermal
diffusion. In the case that a polysilicon layer 1s laid over
another polysilicon layer, however, the surface of the lower
layer 1s exposed to the air during the step of forming the
upper layer, which leads to the formation of a thin natural
oxidation film. Though 1 to 2 nm thick at the most, this
natural oxidation film makes the dopant diffusion still slower
by 1ts presence. In addition, when two layers of polysilicon
are formed, the grain boundaries of polysilicon layers do not
usually meet on the composition plane and this further
hinders the dopant diffusion. For instance, if the RTA (Rapid
Thermal Annealing) treatment performed at 1020° C. for 10
seconds or so 1s suflicient for a single-layered polysilicon,
the RTA treatment at the same temperature must be carried
out for as long as 40 seconds for a double-layered polysili-
con such as the one described herein. In other words, to
attain diffusion within the gate polysilicon i1n this instance,
while 1t takes 10 seconds 1n a single layer, it requires 40
seconds 1n a double layer. Consequently, 1n a transistor with
a double-layered structure, the diffusion in the transverse
direction within the LDD becomes more marked and the
ciiective channel length, shorter. In short, the double layer 1s
not suited for the miniaturization, because of its substantial
short channel effect.

Further, since the step of another photolithography 1s
added to remove the ONO f{ilm lying 1n the select-transistor
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arca and the adjacent circuit transistor area, another problem
of further complicating steps also arises for this method.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention 1s to
provide a nonvolatile memory semiconductor device having,
on one and the same substrate, a flash memory arca where
a memory-transistor and a select-transistor are formed and a
logic areca where an adjacent circuit transistor 1s formed;
which has a transistor structure capable to suppress the gate
depletion particularly in the select-transistor and to perform
higch speed operations, all without making the steps of
manufacturing method thereof unduly complicated.

In accordance with the present invention, there are pre-

sented the following structures and manufacturing methods
thereof:

A nonvolatile memory semiconductor device having, on
onc and the same substrate, a flash memory area where a
memory-transistor and a select-transistor are formed and a
logic area where an adjacent circuit transistor 1s formed;
wherein:

said memory-transistor 1s composed of layers of structure
consisting of a floating gate and a control gate sepa-
rated by a first insulating film; and

at least, a gate electrode of the select-transistor 1s com-
posed of a single layer of a polysilicon film, which 1s
formed from the same layer as the floating gate of the
memory-transistor and then doped to have an enhanced
dopant concentration by 1on implantation performed 1n
the step of forming source-drain regions of the transis-
tors.

The afore-mentioned semiconductor device, wherein a
cgate electrode of the adjacent circuit transistor in the logic
arca 1s composed of a single layer of a polysilicon film,
which 1s formed from the same layer as the floating gate of
the memory-transistor and then doped to have an enhanced
dopant concentration by 1on implantation performed 1n the
step of forming source-drain regions of the transistors.

The afore-mentioned semiconductor device, wherein a
cgate electrode of the adjacent circuit transistor in the logic
arca 1s composed of a single layer being formed from the
same layer as the control gate electrode of the memory-
transistor.

The afore-mentioned semiconductor device, wherein the
surface of the control gate of the memory-transistor and the
surfaces of the gate electrodes of the select-transistor and of
the adjacent circuit transistor in the logic area have under-
ogone the chemical change to silicide.

The afore-mentioned semiconductor device, wherein a
sidewall 1s formed on each lateral face of the gate electrode
of each transistor and an LDD structure 1s each formed in the
substrate under said sidewall.

A method of manufacturing a nonvolatile memory semi-
conductor device having, on one and the same substrate, a
flash memory area where a memory-transistor and a select-
transistor are formed and a logic arca where an adjacent
circuit transistor 1s formed; which, at least, comprises the
steps of:

(1) growing an N-type first polysilicon upon a semicon-
ductor substrate on which an element 1solation region
and an oxide film are formed;

(2) removing the first polysilicon overlying the element
1solation region by etching;

(3) growing a first insulating film over the entire surface
s0 as to cover the remaining first polysilicon;

(4) growing a second polysilicon as well as a nitride film
over the entire surface;
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(5) forming a resist pattern at the position where elec-
trodes of the memory-transistor are to be formed and,
then, with said pattern used as a mask, carrying out
ctching of the nitride film, the second polysilicon and
the first polysilicon;

(6) removing the resist pattern, and thereafter forming
another resist pattern at the positions where electrodes
of the select-transistor and the adjacent circuit transis-
tor are to be formed and, then, with said nitride film
used as a mask for the memory-transistor and said
pattern, for the select-transistor and the adjacent circuit
transistor, carrying out etching of the first polysilicon;

(7) removing said nitride film as well as said resist pattern,
and thereafter, concurrently with forming source-drain
regions, applying ion implantation to the second poly-
silicon which 1s to serve as a control gate of the
memory-transistor and to the first polysilicon which 1s
to serve as gate electrodes of the select-transistor and of
the adjacent circuit transistor in the logic area; and

(8) removing, by means of isotropic etching, the oxide
film lying on the substrate surface other than the parts
thereof underlying every transistor, to the level where
the substrate surface 1s exposed.

The afore-mentioned method of manufacturing a semi-
conductor device, which further comprises the step of inject-
ing dopants by 1on implantation after growing said N™-type
first polysilicon.

The afore-mentioned method of manufacturing a semi-
conductor device, which, after said step (8), further com-
prises the step of:

(9) growing a metal film over the entire surface for the
silicide formation, and thereafter subjecting that to the
chemical change to silicide and then removing the
unrecacted metal film.

The afore-mentioned method of manufacturing a semi-
conductor device, wherein said step (7) comprises the sub-
steps of removing said nitride film as well as resist pattern
and then performing the first 1on 1implantation to form an
LDD structure 1n the flash memory area, with another resist
masking the entire surface of the logic area; removing the
resist 1n the logic area and then performing the second 10n
implantation to form an LDD structure 1n the logic area, with
another resist masking the entire surface of the flash memory
area; and, 1n addition, forming sidewalls prior to another 1on
implantation to form source-drain regions.

A method of manufacturing a nonvolatile memory semi-
conductor device having, on one and the same substrate, a
flash memory area where a memory-transistor and a select-
transistor are formed and a logic area where an adjacent
circuit transistor 1s formed; which, at least, comprises the
steps of:

(1) growing an N-type first polysilicon upon a semicon-
ductor substrate on which an element 1solation region
and an oxide film are formed;

(2) removing the first polysilicon overlying the element
1solation region as well as the logic area by etching;

(3) growing a first insulating film over the entire surface
s0 as to cover the remaining first polysilicon;

(4) removing, at least, the first insulating film in the logic
area;

(5) growing a second polysilicon as well as a nitride film
over the entire surface;

(6) forming a resist pattern at the positions where elec-
trodes of the memory-transistor and the adjacent circuit
transistor are to be formed and, then, with said pattern
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used as a mask, carrying out etching of the nitride film
and the second polysilicon;

(7) removing the resist pattern, and thereafter forming
another resist pattern at the position where an electrode
of the select-transistor 1s to be formed as well as on the
entire surface of the logic area, and, then, with said
nitride film used as a mask for the memory-transistor
and said pattern, for the select-transistor, carrying out
etching of the first 1nsulating film and the first poly-
silicon;

(8) removing said nitride film as well as said resist pattern,
and thereafter, concurrently with forming source-drain
regions, applying ion implantation to the second poly-
silicon which 1s to serve as a control gate of the
memory-transistor and as a gate electrode of the adja-
cent circuit transistor 1n the logic area and to the first
polysilicon which 1s to serve as a gate electrode of the
select-transistor; and

(9) removing, by means of isotropic etching, the oxide
film lying on the substrate surface other than the parts
thereof underlying every transistor, to the level where
the substrate surface 1s exposed.

The afore-mentioned method of manufacturing a semi-
conductor device, which further comprises the step of inject-
ing dopants by 1on implantation after growing said N™-type
first polysilicon.

The afore-mentioned method of manufacturing a semi-
conductor device, which, after said step (9), further com-
prises the step of:

(10) growing a metal film over the entire surface for the
silicide formation, and thereafter subjecting that to the
chemical change to silicide and then removing the
unreacted metal film.

The afore-mentioned method of manufacturing a semi-
conductor device, wherein said step (8) comprises the sub-
steps of performing the first 1on 1mplantation to form an
LDD structure in the flash memory area before removing
said nitride film and resist pattern; removing said nitride film
and resist and then performing the second 10n implantation
to form an LDD structure in the logic arca, with another
resist masking the entire surface of the flash memory area;
and, 1n addition, forming sidewalls prior to another ion
implantation to form flash memory area; and, 1n addition,
forming sidewalls prior to another 1on 1implantation to form
source-drain regions.

According to the present invention, the gate electrode of
the select-transistor produced 1n the flash memory area 1s
composed of a single layer of a polysilicon film, which 1s
formed from the same layer as the floating gate electrode of
the memory-transistor and then doped to have an enhanced
dopant concentration by 1on implantation performed 1n the
step of forming source-drain regions of the transistors, and
therefore a select-transistor structure capable of high speed
operations 1s provided. Furthermore, because of silicide
formation on the gate surface of the select-transistor, the
voltage applied substantially to the gate of the select-
transistor becomes almost 1dentical for every cell so that the
problem associated with the conventional structure that the
ON-current of the select-transistor varies with the cell 1s also
climinated.

Further, in the manufacturing method of the present
invention, a simple addition of the step of forming a nitride
f1lm over the second polysilicon makes 1t unnecessary to add
the step of troublesome photolithography which 1s required,
in the conventional method, to perform 1n the later step, in
removing the ONO film lying outside of the memory tran-
sistor area, thus, the present mnvention also has the effect of
simplifying the steps thereof.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(1) to 1(20) are a series of schematic cross-
sectional views 1llustrating the steps of a method of manu-
facturing a FLASHEEPROM that 1s an embodiment of the

present mvention.

FIGS. 2(1) to 2(20) are a series of schematic cross-
sectional views 1llustrating the steps of a method of manu-
facturing a FLASHEEPROM that 1s another embodiment of

the present invention.

FIGS. 3(1) to 3(20) are a series of schematic cross-
sectional views illustrating the steps of a conventional
method of manufacturing a FLASHEEPROM.

EXPLANATION OF SYMBOLS
. P-type substrate;
. First P-well;
. Second P-well;
. Field oxide film;
. Oxade film;
. Photoresist;
. First polysilicon (N7);
: ONO film;
Second polysilicon;
: Nitride film;
. First LDD:;
. Second LDD;
. Sidewall;
: SD region;
. Titanium film;
. Silicide film.

o @ ~I U Wb -

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to the drawings, the present invention 1s
described 1n detail below.

FIGS. 1(1) to 1(20) are a series of schematic cross-
sectional views 1llustrating the steps of a method of manu-
facturing a FLASHEEPROM that 1s an embodiment of the

present invention.

First, upon a P-type semiconductor substrate 1, a first
P-well 2 and a second P-well 3 are formed 1n a flash memory
arca and a logic area, respectively. Next, a field oxide film
4 that defines areas of elements 1s formed, and thereafter an
oxide film 5 with a thickness of 6 to 8 nm 1s formed on the
surface of the substrate 1 by the thermal oxidation method
(FIG. 1(1)). Next, the oxide film overlying the first P-well 2
1s covered with a photoresist 6a, and then, after the oxade
film overlying the second P-well 3 is once removed (FIG.
1(2)), a gate oxide film with a thickness of 5 nm is again
formed by the thermal oxidation method (FIG. 1(3)).
Through that, the film thickness of the oxide film 1n the flash
memory arca becomes 8 to 10 nm. A first N™-type polysili-
con 7 that 1s to become a FGE material 1n the flash memory
area 1S formed thereon to a thickness of 150 nm. After that,
by means of 1on implantation, phosphorus 1s mjected there-

into to a dopant concentration of approximately 1x10™ to
3x10" atoms/cm” (FIG. 1(4)).

Next, 1n order to remove said first polysilicon film 7 above
the element 1solation region 2, a photoresist 65 1s formed
into the pattern on the oxide film in the flash memory arca
and the logic area (FIG. 1(5)) and, using this as a mask,
etching is applied thereto (FIG. 1(6)). Next, covering
remaining said polysilicon, an ONO film 8 1s grown over the
entire surface to a thickness of 12 to 16 nm 1n terms of oxide
film thickness (FIG. 1(7)) and, over this, a second polysili-
con 9 1s grown to a thickness of 200 nm and then a nitride
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f1lm 10 that 1s to serve as an etching mask for a floating gate
in the later step is grown (FIG. 1(8)).

Following that, a photoresist pattern 6 corresponding to
the shape of an electrode of a memory-transistor in the flash
memory area 1s formed on said nitride film 10 (FIG. 1(9)),
and then the nitride film 10, the second polysilicon 9 and the
ONO film 8 are etched in succession (FIG. 1(10). After
removing the photoresist, another resist pattern 6c¢ 1s formed

into the shape of a select-transistor gate and an adjacent
circuit transistor gate (FIG. 1(11)).

Next, using as a mask said nitride film 1n the memory-
transistor arca and the resist pattern, in the other areas, the
first polysilicon 7 1s etched (FIG. 1(12)). The nitride film as
well as the resist are then removed (FIG. 1(13)), and
thereafter, 1n order to form a first LDD structure 11 1n the
flash memory area, As or P 1s 1on-implanted thereinto with
a dose of approximately 1x10"™ to 1x10'* atoms/cm”. For
this, the entire surface of the logic area 1s masked with a

photoresist 6d (FIG. 1(14)).

Next, for the formation of a second LDD 12 1n the logic
arca, the resist formed 1n the logic area 1s removed and the
entire surface of the flash memory area 1s again covered with
a photoresist 6¢e iand, then, As or P 1s 1on-1implanted thereinto
with a dose of approximately 1x10"> to 1x10™ atoms/cm”
(FIG. 1(15)). After removing the photoresist, an oxide film
1s formed over the entire surface, and therefrom sidewalls 13
are formed on lateral faces of the electrode materials 1n the
flash memory area and in the logic area (FIG. 1(16)).
Following that, to form source-drain (SD) regions 14 in the
flash memory area and in the logic area, As 1s 1on-1mplanted

thereinto with a dose of approximately 1x10% to 5x10%°
atoms /cm” (FIG. 1(17)).

Next, the oxide film lying outside of the transistors 1s all
removed by wet etching (FIG. 1(18)) and then a titanium
(T1) film 15 1s grown over the entire surface (FIG. 1(19)).
Finally, by performing a salicide process in which titanium
1s turned to silicide and removing unreacted parts of the Ti
f1lm 15 subsequently, silicide films 16 are selectively formed
on the SD regions of the P-type substrate 1 as well as on the
polysilicons of the transistors, and thereby a semiconductor
device having a memory-transistor (ITr) and a select-
transistor ('It) in the flash memory area and a logic-transistor

(Tr) in the logic area 1s accomplished (FIG. 1(20)).

FIGS. 2(1) to 2(20) are a series of schematic cross-
sectional views 1llustrating the steps of a method of manu-
facturing a FLASHEEPROM that 1s another embodiment of

the present invention.

First, upon a P-type semiconductor substrate 1, a first
P-well 2 and a second P-well 3 are formed 1n a flash memory
arca and a logic area, respectively. Next, a field oxide film
4 tat defines areas of elements 1s formed, and thereafter an
oxide film § with a thickness of 8 to 10 nm 1s formed on the
surface of the substrate 1 by the thermal oxidation method
(FIG. 2(1)). Next, a first N™-type polysilicon 7 that is to
become a FGE material i the flash memory area 1s formed
thereon to a thickness of 150 nm (FIG. 2(2)). Alternatively,
the polysilicon film may be grown to a thickness of 150 nm
by performing the CVD method using SiH, and PH, or
AsH,, for example, as material gases and controlling the
amount of the flow of the doping material so as to make the
dopant concentration approximately 1x10" to 3x10"
atoms/cm”. Next, in order to remove said first polysilicon
film 7 lying outside of the flash memory area, a photoresist
6a 1s formed 1nto the pattern on the oxide film 1n the flash
memory area (FIG. 2(3)), and, using this as a mask, etching

is applied thereto (FIG. 2(4)).
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Next, covering remaining said polysilicon, an ONO film
8 1s grown over the entire surface to a thickness of 12 to 16
nm in terms of oxide film thickness (FIG. 2(5)). To remove
the ONO {ilm 1n the logic area, a photoresist 6b 1s formed
into the pattern over the flash memory area and then etching
is applied thereto (FIG. 2(6)). At this, the oxide film on the
surface of the substrate 1n the logic area 1s simultaneously
removed (FIG. 2(7)) so that another oxide film (a gate oxide
film) is subsequently formed again in the logic area by the

thermal oxidation (FIG. 2(8)).

Over this, a second polysilicon 9 1s grown to a thickness
of 200 nm and then a nitride film 10 that 1s to serve as an
etching mask for the ONO film and a floating gate 1n the later
step 1s grown (FIG. 2(9)). Following that, a photoresist
pattern 6¢ corresponding to the shape of an electrode of a
memory-transistor in the flash memory area and the shape of
an adjacent circuit transistor 1n the logic area 1s formed on
said nitride film 10 (FIG. 2(10)), and then the nitride film 10
and the second polysilicon 9 are etched in succession (FIG.
2(11).

After removing the photoresist, another resist pattern 6d
1s formed 1nto the shape of a select-transistor gate as well as
on the entire surface of the logic area. Then, using as a mask
said nitride film 1n the memory-transistor area and the resist
pattern, 1n the select-transistor area, the ONO film 8 and the
first polysilicon 7 in the flash memory area are etched (FIG.
2(12)). Leaving the nitride film and the resist as they are, As
or P is ion-implanted thereinto with a dose of 1x10™ to
1x10"" atoms/cm?, in order to form a first LDD structure 11
in the flash memory area (FIG. 2(13)). After that, the
photoresist, the ONO film lying on the gate of the select-
transistor and finally the nitride film are removed 1n succes-

sion (FIG. 2(14)).

Next, for the formation of a second LDD 12 1n the logic
arca, the enftire surface of the flash memory area 1s covered
with a photoresist 6 and, then, As or P 1s 1on-implanted
thereinto with a dose of approximately 1x10"° to 1x10""
atoms /cm” (FIG. 2(15)). After removing the photoresist,
anoxide film 1s formed over the entire surface, and therefrom
sidewalls 13 are formed on lateral faces of the electrode
materials 1n the flash memory area and in the logic arca
(FIG. 2(16)). Following that, to form source-drain (SD)
regions 14 1n the flash memory area and 1n the logic area, As
1s 1on-implanted thereinto with a dose of approximately

1x10" atoms/cm” (FIG. 2(17)).

Next, the oxide film lying outside of the transistors 1s all
removed by wet etching (FIG. 2(18)) and then a titanium
(T1) film 15 is grown over the entire surface (FIG. 2(19)).
Finally, by performing a salicide process 1n which titanium
1s turned to silicide and removing unreacted parts of the Ti
f1lm 15 subsequently, silicide films 16 are selectively formed
on the SD regions of the P-type substrate 1 as well as on the
polysilicons of the transistors, and thereby a semiconductor
device having a memory-transistor (ITr) and a select-
transistor ('Tr) in the flash memory area and a logic-transistor

(Tr) in the logic area 1s accomplished (FIG. 2(20)).

Further, while, 1n the above description, a semiconductor
device having an N-channel structure 1s taken as an example,
it 1s to be understood that the present invention may be
applied to the one having a P-channel structure or a CMOS
(Complementary Metal-Oxide-Semiconductor) structure.

What 1s claimed 1s:

1. A method of manufacturing a nonvolatile memory
semiconductor device having, on one and the same
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substrate, a flash memory arca where a memory-transistor
and a select-transistor are formed and a logic area where an
adjacent circuit transistor 1s formed; which, at least, com-
prises the steps of:

(1) growing an N™-type first polysilicon upon a semicon-
ductor substrate on which an element 1solation region
and an oxide film are formed;

(2) removing the first polysilicon overlying the element
1solation region by etching;

(3) growing a first insulating film over the entire surface
s0 as to cover the remaining first polysilicon;

(4) growing a second polysilicon as well as a nitride film
over the entire surface;

(5) forming a resist pattern at the position where elec-
trodes of the memory-transistor are to be formed and,
then, with said pattern used as a mask, carrying out
ctching of the nitride film, the second polysilicon and
the first polysilicon;

(6) removing the resist pattern, and thereafter forming
another resist pattern at the positions where electrodes
of the select-transistor and the adjacent circuit transis-
tor are to be formed and, then, with said nitride film
used as a mask for the memory-transistor and said
pattern, for the select-transistor and the adjacent circuit
transistor, carrying out etching of the first polysilicon;

(7) removing said nitride film as well as said resist pattern,
and thereafter, concurrently with forming source-drain
regions, applying 1on implantation to the second poly-
silicon which 1s to serve as a control gate of the
memory-transistor and to the first polysilicon which 1s
to serve as gate electrodes of the select-transistor and of
the adjacent circuit transistor in the logic area; and

(8) removing, by means of isotropic etching, the oxide
film lying on the substrate surface other than the parts
thereof underlying every transistor, to the level where
the substrate surface 1s exposed.

2. The method of manufacturing a semiconductor device
according to claim 1, which further comprises the step of
injecting dopants by 1on implantation after growing said
N™-type first polysilicon.

3. The method of manufacturing a semiconductor device
according to claim 1, which, after said step (8), further
comprises the step of:

(9) growing a metal film over the entire surface for the
silicide formation, and thereafter subjecting that to the
chemical change to silicide and then removing the
unreacted metal film.

4. The method of manufacturing a semiconductor device
according to claim 1, wherein said step (7) comprises the
sub-steps of removing said nitride film as well as resist
pattern and then performing the first 1on implantation to
form an LDD structure in the flash memory area, with
another resist masking the entire surface of the logic area;
removing the resist in the logic area and then performing the
second 1on 1mplantation to form an LDD structure in the
logic area, with another resist masking the entire surface of
the flash memory area; and, in addition, forming sidewalls
prior to another 1on 1mplantation to form source-drain
regions.
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